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Assume that the above networks represent the flows in the State of Minnesota

in small regions (e.g., counties). With the above data it is possible to answer

some of the questions that are likely to arise in practice.

Question #1

For gasoline in January 1974, calculate total amount supplied directly:

a) into Minnesota

b) by a specific prime s'upplier (e.g., Oil Refineries, Thunderbay,
Ontario) into Minnesota

c) to a specific user class (e.g., Greyhound Bus Depot, Minneapolis)
in Minnesota

d) to a specific user class by a specific prime supplier into Minnesota

Computa ti on #1

Network 1 represents th~ gasoline flows in January 1974. Using this network:

a) Total amount sU~Plied directly into .Minnesota

Total
7 i=2 t

= L: L: X. oklJ
j=l i=l

where t=l and k=l

= a + a + • • • + 500 + 4,000

= 4,500 Gallons

b) Total amount supplied by Oil Refineries, Thunderbay, Ontario, into
Minnesota

7
Total = L:

j=l

t
X. 'klJ where t=l, k=l, and ;=2

=°+ °+ °+ a + a + °+ 500 + 4,000

= 4,500 Gallons
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= 15,250 Gallons

t=3, k=3, and j=5

where t=l, k=l, and j=6
5 t

Total = L: X" klJ
i=l

d t
Tota1 = EX •• k

i =2 1J

= (Amount supplied directly) + (Amount supplied
indirectly)

1 t i=5 t
= L X" k + L: X" ki=l lJ i=3 lJ

= (13,000) + (0 + 1,100 + 1,150)

= (13,000) + (2,250)

c) Total amount supplied to Greyhound Bus Depot, Minneapolis

= 0 + 500 + 0 + 0 + 2,500

= 3,000 Gallons

d) Total amount supplied to Greyhound Bus Depot, Minneapolis by
Oil Refineries, Thunderbay, Ontario

t
Total = Xijk where t=l, k=l, i=2, and j=6

= 500 Gallons

Compu ta ti on #2

Network 9 represents the heating oil No.1 flows in March 1974.

Total amount supplied to St. Mary's Hospital

Question #2

For heating oil No.1 in March 1974, estimate the amount supplied directly

and indirectly (i.e., through distributors) by a specific prime supplier (e.g.,

Oil Refineries, Thunderbay, Ontario) to a specific user (e.g., St. Mary's

Hospital, Minneapolis).

I
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•
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I
The above estimation is simplified due to the fact that there is only one III

prime supplier of heating oil No.1. Suppose NSP in Superior, Wisconsin also

supplied heating oil No.1 into the State. Then the above calculation becomes

more involved. In such a case, not all the oil from the distributors may be

due to the Oil Refineries, Thunderbay. In this situation the fractions of

oil supply to the distributors from Oil Refineries, Thunderbay, would have to

be calculated from the flow matrix.

Suppose we assume that the fraction of the heating oil no. 1 received by

Gustafson Oil, St. Paul and Standard Refineries, Rosedale from the Oil Refineries,

Thunderbay, are respectively 0.7 and 0.6.

Now the amount supplies indirectly (through distributors) into St. Mary's

Hospital, Minneapolis, by Oil Refineries, Thunderbay.

Total Indirect = 0 + 1,100 x .7 + 1,150 x .6

= 770 + 690

= 1,460 Gallons

Therefore, we need to maintain (or compute) matrices of fractions for

distributors for different energy types from different prime suppliers.

Question #3

For a specific user (e.g., Hertz Car Rental, Minneapolis) estimate the

BTU equivalent of all forms of energy consumed in February 1974.

Computation #3

Networks 2, 5, 8, and 11 represent the flows "in February 1974 for the four

energy types being considered in the example. Assume that the total amounts of

energy types received are consumed.
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Then, the total amount of BTU·s consumed by Hertz Car Rental

(y k' as above, is defined as the BTU conversion factor
for the energy type k)

where t=2 and j=7
k=4 i=5 t

Total = L L Xijk x Yk
k=l i =1

= (0 + 4,000 + 0 + 0 + 1,982) x Yl

+ (0 + 0 + 0 + 0 + 0) x Y2

+ (0 + 4,000 + 0 + 600 + 2,268) x Y3

+ (0 + 1,500 + 0 + 200 + 0) x Y4

= (5,982 x Yl) + (0 x Y2) + (6,868 x Y3) +
(1,700 x Y4) BTU's.

Therefore, a vector ( Yk) of BTU conversion factors for all the energy types

hlust be maintained.

Question #4

For a specific user of electricity and fuel oil (e.g., Greyhound Bus Depot

of Minneapolis) estimate the amount of fuel oil consumed in February 1974.

a) directly

b) indirectly via conversion of fuel oil into electricity

Computation #4

Networks 5 and 11 represent the flow of electricity and fuel oil re

spectively in February 1974.

a) Total amount of fuel oil consumed directly by Greyhound Bus Depot,
Minneapolis (Network 11).



Let us assume that 60% of fuel oil consumption is for transformation

In February 1974 the total electricity distributed by NSP Duluth was:

into electricity.

= 0 + 1,000 + 0 + 300 + 0

= 1,300 Gallons
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t=2 and k=4

where t=2, k=4, and j=l
t

X. 'klJ

109

= 1,480 mwhr

5
Total Fuel Oil = L

i =1

5 7 t
Total Electricity = L L X. 'klJ

i=l j=l

= 0 + 7,000 + 0 = 3,000 + 5,000

= 15,000 Gallons

5 t
Total Direct = L X" k where t=2, k=4, and j=6

lJ
i =1

Assume that 90% of this is converted to electricity. Therefore,
(.90) x (15,000) = 13,5000 gallons of fuel oil was indirectly
consumed by consumers of electricity.

= 15,000 x 060

= 9,000 Gallons

b) Total amount of fuel oil consumed indirectly by Greyhound Bus
Depot, Minneapolis through conversion to electricity (Network 5
and 11) can be calculated as follows:

In February 1974 the total amount of fuel oil received by NSP,
Duluth (Network 11)



The amount of electricity consumed by the Greyhound Bus Depot,
Minneapolis was 10 mwhr (see Network 5).

Thus, the indirect fuel oil consumption by the Greyhound Bus
Depot, Minneapolis was:

Total Indirect Fuel Oil

110

= (10 ) X(13,500\= 91.2 Gallons
1,480 }



APPENDIX X.4

The SYSTEM 2000 Database Management System*

*Further information about SYSTEM 2000 features and capabilities
are found in [8] and [21J.



As the art/science of data management developed, it became evident that

many of the functions associated with the maintenance of a large collection

of computerized data were similar, no matter what the data were. As such, there

occurred a development progression of Database Management Systems (DBMS).

This development began with the "general" program to add and delete records

from files of sequentially stored records, and has progressed to the rather

complex systems we have today.

Specifically, a DBMS is a set of generalized computer programs which pro

vide for the creation, retrieval, updating, security, and reporting of data

in a general manner. DBMS usually have the following features and capabilities:

• Ability to accept data regardless of its original structure;

• Ability to operate as a stand-alone process and/or from within

some programming language;

• Ability to process the "unanticipated" query;

• Ability to maintain security to the data item level;

• Ability to add, change, or delete data at the record, group,

or item level;

• Ability to provide backup and audit trail facilities.

One of the keys to the generality of the DBMS is the disassociation of the

physical structure of data from the logical structure. In this vein, the user

generally has little or no control over the actual physical storage structure

of his data and has no need for such control. Rather, the user presents the

logical organization of his data to the DBMS and has only to concern himself with

that organization, without regard to disks, tapes, card columns, and the like.
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The DBMS selected for use by the REIS Project was SYSTEM 2000 which is a

product of MRI Systems Corporation, Austin, Texas. The computer used was a

Control Data Corporation Cyber 74 housed at the University of Minnesota. Being

a generalized system, SYSTEM 2000 can also be installed on IBM 360 and 370

series and the Univac 1100 series computers.

The basic SYSTEM 2000, with selected optional features, provides the capability

for developing information systems tailored to the requirements of the applica-

tion and the user. In SYSTEM 2000, the user defines both the nature and the

boundaries of the database as well as how he would like it organized. Since

different types of data -suggest different organizations, SYSTEM 2000 provides

the user the flexibility to organize or structure his database in the most

appropriate manner. The following discussion provides a brief overview of the

basic system and some of the optional features.

Basic SYSTEM 2000

Basic SYSTEM 2000 provides the user with a comprehensive set of database

management capabilities. These include the ability to define new databases,

modi fythe definition of existing databases, and to retrieve and update values

in these databases.

Basic SYSTEM 2000 also provides archival copies of databases and records

an audit trail of changes made to a database. It is capable of reconstructing

a database by applying the audit trail, completely or in part, to an archival I

copy of that database.

Immediate Access Feature

The Immediate Access Feature provides a user-oriented language with which

a non-programmer may express his requests for retrieval or updating of a data

base. The English-like language is easily learned. It includes a complete

113
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set of easy-to-understand diagnostic messages and is highly suited for inter

active use from remote keyboard terminals.

Report Writer Feature

The Report Writer Feature enables the user to prepare report specifications

following a set of quickly-learned report formatting conventions. The user

specifies column, row and page headings, dates, and footnote captions.

Procedural Language Feature

The Procedural Language Feature enables users to manipulate data in a

SYSTEM 2000 data base from a procedural programming language such as COBOL.

This feature provides the mechanism for addressing any part of the database

of interest to the procedural program, to retrieve data in a sequence and

format suitable for procedural processing, and to update the database from

the program. Interrelationships between two or more databases can be established

which permit network data structures to be defined.

Database Structure

What is database? A database is an organized collection of data about

"something." For example, all the inventory records of a company is a database.

In the REIS demonstration the database consists of the energy establishments

in Stearns, Benton, and Sherburne Counties.

Generally, a database is structured by the user to solve the user's problems

and to answer his questions. He does this by choosing appropriate words which

will stand for the different types of data which he will store. The user stores

numerous quantities of what are called logical entries. A logical entry is all

the information about one of the major items being stored. A logical entry is
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what the name suggests, an entry of data logically organized, as well as

logically related, to the user's problem. A database, then, consists of

the total collection of all logical entries. A database may have many

logical entries or only a few.

SYSTEM 2000 operates on a user defined logical data structure. This data

structure must be in the form of a "tree." A "tree" is defined as a structure

in which each logical entry is made up of data elements having only one parent

and zero, one or more descendants. A simplified pictoral representation of the

tree structure of an energy establishment in the demonstration database is

shown in Figure X.4.l.

By examining the tree structure, the hierarchical relationships of the data

elements or components become evident. These relationships are defined by the

database designer and described to SYSTEM 2000 through a database definition

or schema. A schema consists of an orderly arrangement of component names

or labels. These labels indicate the type of data which is to be loaded into

the database. They are not the data values; but, instead, they become identi-

fication tags which the user employs in accessing his data. An example of a

component name from the demonstration database is ESTAB NAME or Cl which is

the label for component number one, an energy establishment name in the data

base. Figure X.4.2 shows the complete schema for the demonstration database.

The selection of particular logical entries and their data sets from the

database is accomplished by qualifying the references to component names in

the schema. The technique of qualifying entries will become evident to the

reader after examining the PRINT, LIST, AND TALLY retrieval commands in the

next section of this appendix.
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Schema for the Demonstration Database
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ESTh~ TYPE

VALUE

ElEMENT-

FREOUENCY

12? DEALCR
29 TER~INal

1~ USFR

18q OCCURRENCES

Figure X.4.3 Output of Retrieval Command

This section describes the data access or retrieval commands in SYSTEM

TALLY ESTAB TYPE: (or TALLY C2:)

118

3 UNIOUE VALUES

SYSTEM 2000 Retrieval Commands

2000.

TALLY Command

The purpose of the TALLY command is to provide statistical information

about the unique values of the data elements stored in the database. For

example, if the user wanted to know what establishment types were contained in

the database and the number of occurrences of each type, the command format is:

System 2000 interprets the command, accesses the database and builds a

table of the data elements defined to be the establishment types. This table

is then printed out showing the unique occurrence values for establishment

types and the number of establishments in the database with these type codes.

An example of the output from this command is shown in Figure X.4.3



PRINT Command

The purpose of the PRINT command is to retrieve data from the database

in a specified manner and output the selected data in a simple sequential list.

For example, if the user wanted to print the entire logical entry for the Avon

Oil Co. the command would be:

PRINT ENTRY WHERE ESTAB NAME
EQ AVON OIL CO:

SYSTEM 2000 would interpret this command and proceed to qualify for

printing only those logical entries, or in this case, establishments that

have the establishment name "Avon Oil Co." The entire set of elements for

the selected establishment would then be printed. The example shown in Figure

X.4.4- is a partial printout obtained from the PRINT command shown above.

Figure X.4.4 Output of PRINT Command

, PQINT E~TRY WHERE EST~~ ~ft~[ EO nvo~ OIL CO:

1* AVON OIL C0
2* OEHER
1* 1"6016
4* 91)1
Sir fi'l1f'
~. ~N

1"'* STElIR\iS
11'" 73
13* ~

7 1. AV()'~

301* MOTOR G~SOLI~E

302* 30('~0I

3051* ('1

3052* 7i
3(/.7* 1(~i/1q61

312* 4C"'1HH'!
313* GAL

3~7* l(i101g?
31?* 61?~1

313* G6L

3Y,S1* Pi?
3c;152* 73

3(lJ1* 100961
312. 38('.00
313* GAL
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If the user wanted to know how many establishments in Stearns County were

supplied by the Krebsbach Motor Co. the following form of the PRINT command

could be used:

PRINT COU~T ESTAn NA~E WHERE SUPPLIER NAME EO KOEQS8aCH MOTOR C0

AND COUNTY NAME EO STEARNS:
eNT 1* 1

The response indicates that there is only one establishment in the data

base with those particular qualifications. To print that establishment name

the user could input the command:

PRINT C1 WHERE Sd~E:

1* TR08ECS 8US SERViCe

which prints Cl, the establishment component label, where the same qualifications

apply as in the previous retrieval command.

LIST Command

The purpose of the LIST command is to give the user the ability to format

simple reports with titles, column headings, page numbers, and page footings.

Even though the report format may be simple the retrieval request need not be.

The same data set qualification facilities that apply to the PRINT command also

apply to the LIST command.

A sample LIST command is:

LIST/TITLE 0(15) DEMONSTRATION DATABASE - STORAGE REPORT, ESTABLISHMENT
NAME, L(ll) CITY, TOT STOR, STORAGE, U M, E TYPE/Cl, C71, SUM C3042
BY C30, C3042, C3043, C302, OB Cl, C71, C302:

The output from this command is shown in Figure X.4.5.
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Figure X.4.5 Output of LIST Command

r>EfAONSTRATJON OATAHA~E ... STORAGE REPoRT
74/12/1~.

ESTAPLISH~FNT NA~1E' CTTV TOT STOP, STORAGE U M E TVPE

••
AL~ANV C0~ "'4 U~! t TV HOS ALRANV 4000 4000 GAL ,.,3?2 IPITAL
t\Lf.1A~'V 5CH 001 nIST ALBANV 32000 32000 GAL ~3r2

5500 ssoo GAL 230n3

IAtJERTCAN OIL ... SAUI< CE 5AUK r.Ef\JTRE 483000Ci 4830000 GAL 20no
NTRE LO'"

5
AVON OIL CO AVON 2100{l InOOO GAL 30(10 I50(10 GAL

45000 16000 GAL nOOO
l~noo OAt
16000 GAL

PECKF'P SCl-lnOt nIsT I=lFCKEP 12000 12000 (;Al 63?2
HELGPAI')I: cnop f1S~f" 8ELGF<AOf ~2000 10.000 GAL 30(10

10(100 GAL
200('0 GAL
12000 GAL

4400C l?ono GAL 60(10
leOOO f1AL

I?ooOO GAt
RELGQADE SCHoOL DI5T AFLGPADE 22000 2000 GAL 63?2

12000 GAL
AOOO GAL •AF.NTON COlJNTY r,OOP A FoLEV 2310(\ 4000 GAL 3,000

SSN
19100 GAL

?8AOo l~OOO GAL 6000 •A~OO GAL
4000 GAL

RIG tAKE ~rH('lOI OJ5T BIG LAKE 20000 20000 GAL 6322
pROOTEN ~UNJCIPAL AI BPOOTfN la2~ R25 GAL 3102
RPORT

1000 GAL
~ROOTEN SCI-lOOL OJ5T BPOOTfN 40 40 TOf\J 1

10000 10000 GAL n342 •I?So 1250 GAL 23200
COLD SPRlf\'G ~CHOOL 0 COLD SPRING 52000 5?000 GAL 6322
1ST
COMtJ.t1NITY 011 5AUK CENTRE 47000 15(\00 GAL 3000

12000 GAL
?OOOO GAL

36000 6('00 GAL ~O"O

)5000 GAL
lSnoo GAL

OOWNTOWN 6ft ~EPVJCF. 5T CLOUO 3000
6000 •EAST SIDE OIL CO 5T CLOUD 3000
,,000

ELI< PIVER t-AUt-,!rIPAL ELK RIVER AOOOn 80000 GAL 63e2
UTILITV

\

flK PIVER SCHOI"lL nrs ELK HIVER 40 40 TO'" 1
T

37500 37;00 GAL 63~2

F'ARWF.RS Ut\ION OIL co ALBANY 24000 12000 GAL 3000
12000 GAL

16000 4000 GAL 6000
12000 GAL

FlYN"-' AIRPORT MONTICELl(\ 4000 2000 GAL 3102
2000 GAL
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Additional Features

Some additional features of SYSTEM 2000 which have already been alluded

to include the capability for security down to data element level, back-up,

and system diagnostics.

• The security feature allows the data base administrator to set

limits not only on the accessibility of the data but also on the

copiousness of the retrievals.

• The back-up features of SYSTEM 2000 allow for ease of dumping and

loading the data base from disk storage to magnetic tape. There is

also the ability to apply updates to an historical copy of the data

base for recreation of a damaged data base.

• Diagnostic messages are a feature usually neglected during program

development. However, SYSTEM 2000 comes with a complete set of

diagnostic messages for all of the subsystem modules.
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APPENDIX X.5

Phase II Project Tasks



This Appendix specifies the tasks to be completed in Phase II of

the REIS project. Each major heading comprises a sub-project. A report will

be produced for each sub-project and all sub-project reports plus a summary of

Phase II will be combined into the final Phase II report.

A. Overview (Report)

A discussion of the objectives of this phase of the REIS project and

of the system being developed. This report will discuss the system in

total and as an assembly of subsystems.

B. General Design

The objectives of the general design are to resolve remaining design

issues, estimate volumes, prepare specifications suitable for detailed

systems design, and outline plans for implementation

1. Supplier subsystem (Report)

a. Define data requirements
b. Develop data collection procedures
c. Define and describe storage schema
d. Document data validation rules
e. Estimate data collection and storage volumes
f. Prepare subsystem flowcharts and general program specifications
g. Define interfaces with other subsystems:

(i) Parameter sUbsystem
. (i i) Energy Flow Network Model

h. Prepare implementation plan including:
(i) development resource requirements
(ii) time table
(iii) conversion plan

2. User Subsystem (Report)

a. Define data requirements
b. Develop data collection procedures
c. Define and describe storage schema
d. Document data validation rules
e. Estimate data input volumes, frequency of data collection,

and storage requirements
f. Prepare subsystem flowcharts and general program

speci fi cati ons
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g. Define interfaces with other subsystems:
(i ) parameter subsystem
(ii) Energy Flow Network Model
(iii) Economic Impact Analysis Project

h. Prepare implementation plan including:
(i) development resources required
(i i ) ti me tab 1e
(iii) conversion plans

3. Parameter Subsystem (Report)

a. Define data requirements
b. Develop data collection procedures in conjunction with

those of the supplier and user subsystems
c. Define and describe storage schema
d. Document data validation rules
e. Estimate volumes (including frequency of change)
f. Prepare subsystem flowcharts and general program design

specifications
g. Define interfaces:

(i) Energy Flow Network Model
(ii) External to REIS

h. Prepare implementation plan including:
(i) development resources required
(ii) time table
(iii) pilot implementation

i. Implement temporary procedures and programs to begin
collection of parameter value sets

4. Energy Flow Network Model (Report)

a. Define input requirements and coordinate with other
subsystem development tasks

b. Determine and document output capabilities
c. Define capabilities of this subsystem for validation

interactions with other subsystems
d. Prepare program specifications including:

(i) programming language
(ii) input and output data description
(iii) discussion of algorithms to be used

e. Prepare implementation plan including:
(i) development resources required
(ii) testing specifications
(iii) hardware/software requirements

5. Reporting Subsystem (Report)

a. Continue user survey begun in project Phase I
b. Analyze joint data collection opportunities and document

to include:
(i) current or planned energy data by other Agencies
(ii) costs and problems of combining other Agency data

into REIS
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(iii) potential savings, tangible and intangible, of
such combination

(iv) recommended action in each instance
c. Document system reporting capability:

(i) routine and exception reports including content,
format discussion, use, and user

(ii) demand reporting capability
(iii) on-line reporting capability and incremental hardware/

software requirements
d. Specify reporting program and/or software requirements
e. Prepare implementation plan including:

(i) development resources required
(ii) time table

6. REIS User Documentation Design (Report)

a. Identify REIS information users
b. Classify information users and outline documentation

requirements to support each class identified
c. Prepare plan for the preparation of user documentation

including:
(i) format
(ii) time table
(iii) development resources required

C. Cost/Resource Analysis (Report)

1. Estimate development costs and resource requirements

a. Prepare detailed requirements by subsystem for:
(i) systems analysis
(ii) programming
(iii) testing (including machine components)
(iv) conversion and start up

b. Prepare cost schedules for each subsystem and overall

2. Estimate recurring system costs and resource requirements

a. hardware and software purchase or rental and amortization
b. alternatives and associated cost differences
c. maintenance costs
d. operating personnel requirements and costs

D. Overall Implementation Plan (Report)

1. Detailed implementation schedule for the entire project

2. Recommended responsibility assignments among:

a. Energy Agency
b. Department of Administration
c. University of Minnesota
d. Contracted services
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E. Summary (Report)

The final report will consist of the detailed reports produced during

the span of Phase II of the REIS Project. The summary will identify potential

problem areas and will identify alternatives and decisions required. Finally,

this report will discuss research remaining to be undertaken to continue the

development of energy management information systems.
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